Background: Frontotemporal dementia (FTD) is characterized by a number of prominent behavioral changes. While FTD has been associated with the presence of aberrant or unusual sexual behaviors in a proportion of patients, few studies have formally investigated changes in sexual function in this disease. Objective: We aimed to systematically quantify changes in sexual behavior, including current symptoms and changes from prior diagnoses, in behavioral-variant (bvFTD) and semantic dementia (SD), compared to Alzheimer's disease (AD). Methods: Carers of 49 dementia patients (21 bvFTD, 11 SD, 17 AD) were interviewed using the Sexual Behavior and Intimacy Questionnaire (SIQ), a survey designed to assess changes in sexual function across multiple domains including initiating, level of affection, and aberrant or unusual sexual behavior. Results: BvFTD patients show prominent hyposexual behavior including decreased affection, initiation, and response to advances by partners, and decreased frequency of sexual relations, compared to AD and to SD patients. The greatest changes in sexual behavior compared to pre-diagnoses were found in the bvFTD group with a 90-100% decrease in initiation, response, and frequency of sexual relations. Notably, aberrant or unusual sexual behavior was reported in a minority of bvFTD and SD patients and occurred in patients who also showed hyposexual behavior toward their partner. Conclusion: Overall loss of affection, reduced initiation of sexual activity, and responsiveness is an overwhelming feature of bvFTD. In contrast, aberrant or unusual sexual behavior is observed in the minority of bvFTD patients. The underlying pathophysiology of these changes likely reflects structural and functional changes in frontoinsular and limbic regions including the hypothalamus.
INTRODUCTION
Frontotemporal dementia (FTD) is the second most common cause of young-onset dementia [1, 2] and is 1 These authors contributed equally to this work. * Correspondence to: Professor John Hodges, Neuroscience
Research Australia, Barker Street, Randwick NSW 2031, Australia. Tel.: +61 29399 1000; Fax: +61 2 9399 1047; E-mail: j.hodges@ neura.edu.au. associated with pervasive changes in behavior and personality. Characteristic changes include alterations in eating [3, 4] , emotion processing [5] , and sleeping [6] . Disinhibition is commonly reported in the behavioral variant of FTD (bvFTD) [7] and has led to the assumption that bvFTD patients exhibit hypersexual behavior. Perhaps surprisingly, there has been little examination of sexual function in bvFTD, other than isolated reports [8] [9] [10] and series [11, 12] using retrospective case note analyses, documenting hypersexuality and aberrant behaviors in a proportion of cases. One previous study that used a carer survey suggested that hyposexuality may be the dominant behavioral change [13] . Despite this, the limited evidence to date has led to the conclusion that hypersexuality and aberrant behavior is a common behavioral manifestation of bvFTD.
In other forms of dementia including Alzheimer's disease (AD), sexual function has been examined with findings that included a gradual decline in interest, while affection toward their partner was maintained [14] . A small percentage of AD patients show hypersexuality [15] .
Given the limited evidence regarding sexual function in FTD, we aimed to systematically explore sexual behavior in the FTD subtypes of bvFTD and semantic dementia (SD), including aspects of sexual initiation and affection, symptoms of hypersexuality, or of aberrant sexual behavior, and to compare these to a cohort of AD patients. The AD group was used for comparison as changes in sexual interest and activity are not typically reported in this syndrome. The SD group were included as behavioral changes similar to bvFTD are often reported in SD patients. As such, investigation of changes in sexual behavior could potentially serve as a useful clinical tool in the differentiation of FTD syndromes, and in the management of behavioral symptoms typically seen in these disorders. We hypothesized, based upon pilot observations, that a small proportion of FTD patients, particularly bvFTD, would show hypersexuality and/or aberrant sexual behavior, but the majority would show signs of hyposexuality, that is, decreased interest in affection and sexual intimacy with their partner. We further sought to explore the relationship between changes in sexual function in dementia syndromes and aspects of socioemotional wellbeing such as empathy and motivation. Characterizing the changes in sexual function in FTD has the potential to reveal important insights into the underlying pathophysiological and neuroendocrine abnormalities in this syndrome.
MATERIALS AND METHODS

Patients
Forty-nine dementia patients (21 bvFTD; 11 SD: 2 right variant, 9 left; 17 AD) were recruited from FRONTIER, the frontotemporal dementia clinic at Neuroscience Research Australia, Sydney Australia. All patients underwent a comprehensive assessment, which included a clinical interview, neurological examination, cognitive testing, and structural brain MRI. All patients met the current clinical diagnostic criteria for probable bvFTD, SD, or AD [16] [17] [18] [19] . Disease severity was established using the Frontotemporal Dementia Rating Scale (FRS) [20] . The FRS provides logit scores which are subdivided into six categories, ranging from very mild, to profound. Higher scores denote higher functional ability. Carers also completed the Cambridge Behavioral Inventory (CBI) [21] , the Interpersonal Reactivity Index (IRI), a standardized questionnaire of empathy [22] , and the Neuropsychiatric Inventory (NPI) [23] . Timing of symptom onset was an estimate provided by the caregiver. Patients underwent extensive neuropsychological testing including the Addenbrooke's Cognitive Examination (ACE-R) [24] . Exclusion criteria included significant extrapyramidal features, past history of stroke, epilepsy, alcoholism, or significant traumatic brain injury. Patients with an uncertain diagnosis, or where a partner who had an intimate relationship with the patient was not available, were also excluded from the project.
Concomitant diseases and medications
Patients' records from their local medical officer were obtained to ascertain presence of other conditions that may affect sexual behavior. Caregivers were also asked about possible contributing physical medical problems that would affect sexual function, e.g., long-standing sexual dysfunction, and these patients were excluded. No patients were on dopamine agonist treatment.
Assessment of sexual behavior
A modified version of the Sexual Behavior and Intimacy Questionnaire (SIQ) (Supplementary File 1) , a survey designed to identify changes in sexual behavior in FTD, by comparing their premorbid behavior and interests to their current status, was administered to all caregivers who were also the intimate partner of the patient in a face-to-face interview by the same clinician (CK). The SIQ was developed combining aspects of a number of existing sexual function surveys and validated tools [25] [26] [27] .
The SIQ requires partners to rate the frequency of a behavior on a 5-point Likert scale, ranging from 0 (Almost never/Never) to 5 (Almost Always/Always), across the following domains: 1) initiating and responding to general affection; 2) initiating and responding to sexual intimacy; and 3) frequency of sexual activity. The SIQ also records the development of any aberrant or unusual sexual behaviors or interests, which were not present previously, including change in sexual activities they wish to engage in, sexual interest in another person, disinhibited or childish behavior concerning sex, or a new interest in pornography, voyeurism, chat lines, or prostitutes. Partners were also asked whether changes occurred before or after the onset of other dementia symptoms. Caregivers were asked to rate the effect of changes in patient behavior overall on their relationship on a scale ranging from −10 to +10. A score of 0 indicated no effect, while a negative score indicated a negative effect, and a positive score a positive effect. Scores were then classified as either no effect, positive, or negative.
Standard protocols approvals, registrations, and patients consents
This study was approved by the South Eastern Sydney and Illawarra Area Health Service and the University of New South Wales human ethics committees. Written informed consent was obtained from the participant and/or primary caregiver.
Data analysis
Data were analyzed using IBM SPSS statistics (version 21.0). Kolmogorov-Smirnov tests were run to determine suitability of variables for parametric analyses. Analyses of variance (ANOVA), followed by Tukey post hoc tests, were used to explore main effects of group (bvFTD, SD, and AD) for age and total ACE scores (p < 0.05 regarded as significant). The presence of each survey variable and changes in behavior was analyzed using Chi squared tests and post-hoc Fischer exact tests. Given the number of comparisons conducted, we used a more stringent threshold of p < 0.01 to guard against Type I error.
Spearman correlations were also carried out to examine the relations between measures of motivation (apathy), abnormal and stereotypical behavior on the CBI, empathy on the IRI (subscores of perspective taking and empathetic concern), and initiating and responding to general affection, initiating, and responding to sexual intimacy and frequency of sexual activity on the SIQ. As above, to control for multiple comparisons, p < 0.01 was regarded as significant in the correlation analyses. Measures of aberrant or unusual sexual behavior were correlated with measures of disinhibition as rated by caregivers on the NPI.
RESULTS
All groups were well matched for age, education, gender, and disease duration (all p values >0.1) ( Table 1 ). The bvFTD group had a lower FRS score (p = 0.006) compared to the SD group and demonstrated higher levels of overall cognitive function on the ACE-R compared to SD (p = 0.04) and AD (p = 0.04) patients. The bvFTD patients displayed higher levels of abnormal behavior on the CBI relative to the AD group (p = 0.02). Further, bvFTD patients scored significantly higher overall on the NPI, relative to AD (p < 0.001) and SD (p = 0.03) patients.
Sexual initiation and affection
The percentages of patients showing particular behaviors in the domains of sexual initiation and affection are shown in Table 2 . Group differences were found in the domains of patients behaving affectionately toward their partners, initiating and responding to sexual initiatives, and in the frequency of sexual relations with their partner. Compared to AD, bvFTD patients showed decreased affectionate behavior (p = 0.005), initiation (p = 0.007), and response (p = 0.009) to sexual initiatives, and The bvFTD group also exhibited decreased response to sexual initiatives (p < 0.001) and decreased frequency of sexual relations (p = 0.010) compared to the SD group. No group differences were observed between the SD and AD groups (all p values >0.21).
Change in sexual initiation and affection
Results of changes in sexual initiation and affection from prior to disease onset and current state are shown in Figs. 1 and 2 . BvFTD patients showed the greatest change with decreases evident across all domains, most notably in initiating sexual relations, responding to sexual initiatives from their partner, and frequency of sexual relations compared to the AD and SD groups (all p values <0.01). Over 90% of partners of bvFTD patients reported a change in the initiation of sexual relations and response to initiatives compared to <50% in the other two groups, with 100% reporting a change in the frequency of sexual relations. As shown in Fig. 2 , 80% of the bvFTD group were less affectionate toward their partners, versus 60% in SD and 40% in AD (p = 0.104). In terms of receiving affection, 65% of the bvFTD group showed a decrease in liking to receive affection versus only 46% in SD and 12% in the AD group (p = 0.320). 
Aberrant or unusual sexual behavior
The frequencies of aberrant or unusual sexual behavior are shown in Table 3 . Group differences were evident for changes in sexual activities (p = 0.03). SD patients (n = 3, 27%; 1 right variant, 2 left) showed the greatest change in activities that they wished to engage in compared to the AD and bvFTD groups (p < 0.01), including changes in behaviors around sexual relations with their partner. Patients who exhibited a sexual interest in another person (n = 2, 10%) and a new interest in pornography, voyeurism, chat lines, and prostitutes (n = 3, 14%) were only found in the bvFTD group and did not reach statistical significance. Only one AD patient exhibited aberrant behavior in the form of disinhibition and childish remarks regarding sex. All aberrant symptoms were new in onset and were not present premorbidly. Interestingly, the bvFTD patients that showed aberrant behavior did not show an increased frequency of initiating or responding to sexual relations with their partner, but directed their sexual preferences toward external sources. An illustrative case is described below.
Case study
A 52-year-old man presented with a 4-year history of behavioral change. Changes included inability to manage finances, binge eating, and decreased empathy, with a profound lack of insight. Following investigations, he received a diagnosis of probable bvFTD [17] . On the SIQ, his wife rated a significant change in her husband's 1) initiation of affection (from a rating of always to a rating of seldom), 2) response to affection from his wife (from always to never), 3) initiation of sexual relations (from always to never), and 4) response to sexual initiatives from wife (from always to never). The frequency of sexual relations had declined from a rating of sometimes to never. She reported that he had become more childish and disinhibited regarding sex, making sexual jokes to family members and flirting with women, for example commenting on appearance and body size, both of which were uncharacteristic. He had developed an interest in online pornography approximately 2 years prior, and she was aware he was masturbating while viewing this material. He had allowed his son to see him watching pornographic material and left it visible on his iPad in view of his young daughter. Restrictions had to be placed on the household online devices to prevent access to pornography. His wife rated the impact of these changes in affection and sexual behavior as profoundly negative. She reported that the decline in her husband's sexual interest in her had initially been attributed to depression, which he was diagnosed and treated for 4 years prior. His wife reported feeling very neglected and that the changes in sexual behavior and interest had been very damaging.
Caregiver rating of overall effect of change in sexual behavior on relationship
There was no difference between the groups in terms of caregivers ratings of overall effect of changes in sexual behavior on their relationship (χ 2 = 5.3; p = 0.254). The majority of patients rated changes in sexual behavior as having no effect on their relationship (61% bvFTD, 63% SD, 63% AD). In the bvFTD group, 39% of caregivers rated changes as having a negative effect and 0% as changes having a positive effect. In the SD caregiver group, 12% rated changes as having a negative effect and 25% as a positive effect. In the AD caregiver group, 25% felt changes had a negative effect versus 12% feeling there was a positive effect.
Onset of sexual symptoms
In the bvFTD group, 4 of the 21 caregivers (19%) reported changes in sexual function prior to cognitive/behavioral symptom onset, versus 4 of the 17 carers in AD (24%) and 1 of 11 carers in the SD group (9%).
Correlations
Exploring further the relationships between sexual behavior and abnormal behavior, we found that overall decreased affection (r s = −0.421, p = 0. 
DISCUSSION
This study is the first to systematically examine sexual behavior in FTD syndromes, and points to high rates of sexual dysfunction in patients with bvFTD compared to both SD and AD. Overwhelmingly, bvFTD patients showed hyposexual behavior, manifesting in decreases in sexual initiation, affection toward their partner, response to initiatives by their partner, and frequency of sexual relations compared to the AD group. Further, bvFTD patients displayed decreased response to initiatives by their partner and frequency of sexual relations compared to the SD group. The majority of the patients in the AD and SD groups also showed decreased initiation of sexual relations and frequency of sexual relations with their partners. The key differentiating factor between these groups and bvFTD, however, lies in their responding to sexual initiatives from their partner and their tendency to be affectionate and to accept affection from their partner.
Previous reports on sexual function [11, 12] in FTD have highlighted the occurrence of hypersexual and aberrant sexual behavior, yet the incidence of such behavior in these studies has been rather low, between 13% [12] and 17% [11] . In the current study, we found that bvFTD is characterized by hyposexual behavior that represents a change from their behavior prior to symptom onset. The bvFTD group showed the greatest changes in the domains of sexual initiation and affection compared to prior to behavioral symptom onset. These changes were most marked in the domains of initiating and responding to sexual advances and in frequency of sexual relations which approached a 100% decrease. In a proportion of patients (19%), these changes occurred prior to other symptoms of bvFTD. The AD and SD groups also showed a decrease in affection and initiation and frequency of relations compared to prior to symptom onset, in contrast to the bvFTD group, however, these patients still responded to and liked to receive affection from their partner.
Of note is our finding that aberrant sexual behavior occurred in the minority of both bvFTD and SD patients. Three (of 11) SD patients (27%) showed a change in the sexual behavior they wished to engage in, versus only 1 (of 21) patient (5%) in the bvFTD group. For other measures of aberrant sexual behavior, the highest frequency was found in the bvFTD group for disinhibited or childish behavior regarding sex; this was found in 6 patients (29%). One AD patient exhibited childish behavior regarding sex. Two bvFTD patients developed interest in another person, and 3 developed an interest in pornography, voyeurism, chat lines, or prostitutes, 2 of whom did not exhibit disinhibited behavior regarding sex. Despite showing aberrant sexual behavior, all of these patients showed decreased interest and hyposexual behavior toward their partner, and appeared to direct their interest toward external sources. This finding indicates that hyposexual behavior and aberrant sexual behavior can coexist.
The findings of hyposexuality in our FTD cohorts, particularly in the bvFTD group, contrasts with previous studies that have reported hypersexuality and aberrant sexual behavior in this syndrome [11, 12] . This difference may be due to the fact that these studies used retrospective case note review looking for documentation of hypersexual behavior and did not look for evidence of hyposexual behavior. It is notable that the one previous study which included caregiver interviews also found hyposexual behavior in the majority of bvFTD patients [13] . It may be that the emergence of aberrant and disinhibited sexual behaviors are more salient and disruptive to the caregiver in everyday life and thus overshadow the presence of hyposexual behaviors. We suggest that future studies examining the origin of aberrant and hypersexual behaviors versus hyposexual behaviors will be particularly important to clarify at what point in the disease trajectory these features typically emerge.
Hypersexual and aberrant sexual behavior has previously been suggested to arise from alterations in the right hemisphere reward pathways [11] , and changes in sexual drive related to right anterior temporal limbic involvement [12, 15] . As mentioned, one previous study has alluded to the presence of hyposexual behavior in FTD, with 54% of FTD caregivers reporting hyposexual behavior versus 23% in AD patients, and suggested that this may represent one of the first presenting symptoms of FTD [13] . Other studies have reported the rate of sexual changes in AD between 60-80% [28, 29] without changes in expression of affection [14] . Our findings suggest that hyposexual behavior, particularly in bvFTD, if not comparable, maybe even more prominent than that seen in AD.
Findings from our study that the majority of bvFTD patients exhibited decreased drive and hyposexual behavior, with a minority showing aberrant sexual behavior, may be explained by considering the brain structures involved in sexual arousal [30] . Structures involved include the orbitofrontal cortex, anterior cingulate cortex, insula, amygdala, and subcortical structures including the thalamus and nucleus accumbens [31, 32] , all of which are significantly compromised in bvFTD [33] . Further confounding the interpretation of the symptoms of hyposexuality in bvFTD patients, is the likely involvement of the hypothalamus and autonomic pathways, which has been implicated in the changes in appetite and food preference seen in bvFTD [4] . Case studies have suggested that focal lesions of the hypothalamus can lead to abolition of sexual drive, with lesions involving the hypothalamus and other structures such as the limbic network leading to a mixture of increased and decreased sexual drive, and abnormal behaviors [34] .
Structures involved in inhibition of sexual arousal include the temporal cortex [30] . Hypersexual behavior has been described with tumors and strokes causing damage to the right temporo-limbic area [35, 36] . The concept that hypersexuality and aberrant sexual behavior may be related to damage to temporo-limbic structures [35, 36] is supported by our finding that the SD cohort showed the greatest change in sexual activities that they wish to engage in, which is potentially attributable to characteristic atrophy affecting the anterior temporal lobes [37] . It remains possible that the small percentage of bvFTD patients that show aberrant sexual behavior may have further damage extending into right temporo-limbic structures in addition to orbitofrontal atrophy [38] .
In our study of the aberrant sexual behaviors measured, only disinhibited and childish comments about sex correlated to measures of disinhibition on the NPI. This suggests that factors other than disinhibition are associated with aberrant sexual behaviors. We also found that hyposexual behavior correlated with increased abnormal and stereotypical behavior as measured on the CBI, suggesting that the hyposexual behavior in part may be secondary to patients focusing on other obsessions and urges, for example eating. This may be due to patients seeking reward stimulation [11] , at the expense of other behaviors and interactions, which has been suggested in bvFTD when patients, for example, crave music at the expense of interactions with people [39, 40] .
One of the key findings in our study relates to the fact that the majority of patients in all groups show decreased sexual interest and hyposexuality, yet responses to initiatives and affection from their partner differs markedly between the dementia subtypes. The ability to respond to interpersonal cues, important for shared emotions and bonding, is selectively affected in bvFTD [5, 41] , and likely plays a modulating role in sexual function. Alterations in empathy were significantly associated with lack of affection and decreased frequency of sexual relations in patients. Accordingly, damage to frontoinsular and anterior infero-lateral temporal cortices, typically observed in FTD syndromes, likely disrupts a core capacity to empathize and respond to the affection of others [42, 43] . From a neuroendocrine perspective, oxytocin is known to be an important mediator of social behavior and emotional recognition, and an improvement in behavior in bvFTD patients has been suggested with administration of oxytocin [44] . Oxytocin through interactions with gonadal hormones has also been suggested to affect sexual function [45] , with decreased levels or action potentially producing decreased sexual drive. When bvFTD patients are administered oxytocin a proportion develop hypersexual behavior [46] . As such, it is possible that neuroendocrine abnormalities modulate hyposexual behavior, and this proposal requires further investigation.
A second contributing factor that may account for decreased sexual initiation and affection and response to advances by caregivers is a general loss of motivation, as typically observed in bvFTD [47] . Our finding of significant associations between decreased motivation on the CBI and decreased sexual initiation offers strong support for this position. Apathy (decreased motivation) has been suggested to reflect damage to the right dorsolateral prefrontal cortex [48] , which likely disrupts the functional integrity of frontal and hypothalamic regions [49] , thus promoting hyposexual function. Our findings converge to suggest that causes of sexual dysfunction in FTD patients are multifactorial and could reflect neuroendocrine disruption, as well as the degradation of multiple brain regions responsible for interpersonal warmth, responding to emotional cues, and overall levels of motivation and empathy.
Given that changes in sexual behavior occurred prior to other symptoms of bvFTD in a proportion of our patients, and hyposexuality has also previously being suggested to occur prior to cognitive symptoms [13] , future studies could examine for the presence of changes in sexual behavior in genetic at-risk populations. Future studies using a larger population could also examine the effect of the normal process of aging on sexual function and the differences in sexual function between both right and left variant SD patients, given the characteristic changes in socioemotional behaviors typically seen in right-sided SD cases [50] .
In the majority of our bvFTD group (60%), caregivers felt that changes in sexual behavior had not had an effect on their relationship, while 40% rated changes as having a negative effect. This finding suggests that some caregivers may have adapted to a different role within the relationship (i.e., from romantic partner to caregiver) and potentially experience a change in their own expectations and interest in intimacy. Further in depth studies on the effects of sexual function on caregiver burden, and sense of self are required in this context.
While development of aberrant sexual behavior may alert the clinician to a diagnosis of bvFTD, this symptom has a high specificity but low sensitivity. In contrast, overall loss of affection, reduced initiation of sexual activity, and responsiveness represent overwhelming features of bvFTD. These changes are likely to reflect the degeneration of multiple regions in the brain, and likely contribute to the high levels of burden and stress shown by partners of patients with bvFTD [51] . We suspect that few clinicians enquire about sexual function, and propose that enquiring regarding this core feature of FTD should form an important part of routine diagnostic interviews in an effort to further understand the origins of this dramatic behavioral change and to provide information and support for caregivers.
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